Cover note
The early history of cardiac massage Throughout the early part of the nineteenth century, hospital resuscitation usually involved ventilation with bellows, typically via a tube inserted into the nose. External pressure was then applied rhythmically to the chest to force air out of the lungs, as described at University College Hospital in 1851: "…two persons should be engaged in pushing the abdomen and thorax and the larynx shall be pressed back against the vertebra" 1 . Resuscitation was entirely focused on the respiratory system with the belief that the heart would restart itself if breathing could be restored.
In 1858, Henry Silvester described a new indirect method of resuscitation. This technique required the patient to be positioned on their back and their arms raised above their head, creating negative pressure to suck air into the lungs 2 . The arms were then returned to the chest and pressed down firmly on the side of the ribs, forcing the air out again. This procedure was repeated around 30 times per minute, but produced variable results. Nevertheless Silvester's method was widely adopted in hospitals and the community, especially in situations where no equipment was available.
In his 1883 surgical textbook, Professor Franz König of Göttingen described a modification of the Silvester method, instructing that the arms should be pressed down over the praecordium, instead of the side of the chest 3 . In 1891, a nine-year-old boy arrested during chloroform administration at the Surgical Clinic in Göttingen. Frederich Maass, König's surgical assistant, commenced resuscitation using the modified method, compressing the chest at the rate of 30-40 per minute, but "in my excitement I worked very fast and vigorously" 4, 5 . Soon, with the compressions going at an estimated 120 per minute, the patient began to recover and, despite resuscitation continuing for over an hour, the patient eventually left the hospital. Maass used this technique successfully again a few weeks later noting: "compressions at the speed of a fast pulse were more effective than those that were executed at the speed of respiration" 4 .
It was not the first use of closed cardiac massageProfessor Rudolf Boehm of Dorpat University had used the technique earlier in animals 6 . He conducted experimental work on cats in 1877, administering poisons, including toxic doses of chloroform, and then attempting various resuscitation methods. He demonstrated that closed chest massage restored circulation in some cases but ventilation alone was not sufficient. While this was the first documented use of closed chest massage, it does not appear to have been considered as a means of human resuscitation or to be related to the subsequent successful resuscitations by Maass. Maass published his experience but the technique he described only became popular in Germany.
Elsewhere surgeons began using internal cardiac massage in extreme cases. Moritz Schiff was the first to use internal cardiac massage, discovering its effectiveness in animal experiments in 1874. He too was studying the toxic effects of ether and chloroform but, unlike Boehm, his work was embraced by clinicians, who began using the technique in their patients 7 . This resulted in a number of partially successful resuscitation attempts in humans over the next 20 years, with temporary restoration of heartbeat but no survivals. Finally Dr Kristian Igelsrud achieved the first successful resuscitation by this method after witnessing an unsuccessful attempt by William Keen, Professor of Surgery in Philadelphia. In 1904, Keen reported Igelsrud's success along with a number of his own 8 . Subsequently internal cardiac massage became quite popular with surgeons around the world, especially where the abdomen was open and the heart could be accessed by cutting through the diaphragm. The only surgeon outside of Germany to adopt the alternative, closed chest method was George Crile, a pioneer of many resuscitation techniques and in many ways years ahead of his time 9,10 . He was not able to convince any of his colleagues of the benefits of closed chest massage.
In 1928, the Consolidated Edison Company of New York City approached a number of medical research institutes for help with the high mortality rate from electrocution in their workforce 11 14-961
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of the Department of Surgery. By this time, Kouwenhoven's work was focused on the development of a closed chest defibrillator but one of his assistants, Mr Guy Knickerbocker, noticed that applying the electrodes firmly over the heart caused a rise in blood pressure, even before the shock was applied. This led to a series of experiments applying pressure to various parts of the chest. While these were largely successful, post mortems on the animals revealed many broken ribs and other injuries. Despite this, Dr Blalock was particularly interested in this development, appointing Dr Henry Bahnson to assist with the work. Eventually they demonstrated that a dog could be kept alive with rhythmic pressure on the lower third of the sternum, with a pressure of 80-100 lb at the rate of one a second. On 15 February 1958, Bahnson successfully resuscitated a two-year-old child using this technique. The following day, Blalock dictated that external cardiac massage be used in cardiac arrests in children. Shortly after that, Dr James Jude successfully resuscitated a large woman in her forties who arrested under anaesthesia. After years of missed opportunities, these two cases were all that was necessary to finally bring external cardiac massage to the attention of the world. Kouwenhoven and his colleagues published their experience in July 1960 12 . Fortuitously, their paper coincided with a great deal of work on expired air resuscitation, which Peter Safar and James Elam had perfected over the preceding years 13, 14 . The stage was set. Around the world, community and industry organisations were seeking better resuscitation protocols and there was considerable interest in both these developments.
In March 1960, an International Convention on Life Saving Techniques was held in Sydney, organised by Surf Life Saving Australia and the Royal Life Saving Association 15 . Five hundred delegates attended from around the world, including Peter Safar. Closed chest massage was discussed extensively at the conference although the definitive paper was not yet in print. As a result of this convention, both these Australian community organisations formally adopted expired-air resuscitation and closed chest massage into their protocols before the end of the year.
In order to formally combine the two techniques, Safar and colleagues conducted a number of experiments the following year, using expired-air ventilation with closed chest massage on human volunteers. They concluded: "closed-chest massage should be preceded and accompanied by pulmonary ventilation", noting that the Baltimore City Hospital's technique involved one operator inflating the lungs every five seconds, followed by a second operator providing four sternal compressions at one second intervals 16 .
As a result of this work, in the United States closed chest massage was endorsed as a medical procedure in 1962, then reclassified as an emergency procedure in 1965, supported by the American Heart Association, the American National Red Cross, and other federal and industrial organisations. A need for standardised protocols led to the creation of a Committee of Cardiopulmonary Resuscitation which published its first statement in 1966, emphasising the ABCD formula for emergency resuscitation and providing basic protocols and diagrams 17 . On reflection at that time, Peter Safar noted that there had been many missed opportunities and that, had resuscitation researchers looked further back in the literature, they could have avoided "reinventing the wheel" 18 . In that light, his subsequent statement on the emerging science of resuscitation medicine should not be forgotten: " [it] can be a positive force in human evolution, if it is pursued with a search for the truth, and if it is practiced with reason, wisdom, compassion, and recognition of ethical consequences" 18 .
